EP 2 037 978 B1

(19)

(12)

(45)

(21)

(22)

Europdisches
Patentamt

EP 2 037 978 B1

European

Patent Office

Office européen
des brevets

(11)
EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
06.11.2013 Bulletin 2013/45

(51) IntClL:
A61M 25/10 (2013.07) AG61L 29/12(2006.01)
(86) International application number:
Application number: 07753231.5 PCT/US2007/006588
(87) International publication number:
WO 2007/139609 (06.12.2007 Gazette 2007/49)

Date of filing: 15.03.2007

(54)

HINGED COMPLIANCE FIBER BRAID BALLOON
ANGELENKTER COMPLIANCE-FASERGEFLECHT-BALLON
BALLON ARTICULE EN FIBRES TRESSEES SOUPLES

(84) Designated Contracting States:
ATBEBG CHCY CZDE DK EE ES FIFR GB GR
HUIEISITLILT LU LV MC MT NL PL PT RO SE
SISK TR

(30) Priority: 22.05.2006 US 438564

(43) Date of publication of application:
25.03.2009 Bulletin 2009/13

(73) Proprietor: Boston Scientific Limited
Christ Church (BB)

(72) Inventors:
¢ HORN, Daniel J.
Shoreview, Minnesota 55126 (US)

¢ CHEN, John J.
Plymouth, Minnesota 55446 (US)
¢« KHIEU, Aaron
Maple Grove, Minnesota 55311 (US)

(74) Representative: Schildberg, Peter et al
Hauck Patent- und Rechtsanwalte
Neuer Wall 50
20354 Hamburg (DE)

(56) References cited:
US-A- 5 348 538
US-A1- 2002 049 402
US-A1- 2006 008 606

US-A- 6 146 356
US-A1- 2005 271 844
US-B1- 6 746 425

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 037 978 B1 2

Description
BACKGROUND OF THE INVENTION

[0001] Medical devices comprising catheter shafts and
catheter balloons are used in an increasingly widening
variety of applications including vascular dilatation, stent
delivery, drug delivery, delivery and operation of sensors
and surgical devices such as blades, and the like. The
desired physical property profile for the balloons used in
these devices varies according to the specific application,
but for many applications a high strength robust balloon
is necessary and good softness and trackability proper-
ties are highly desirable.

[0002] Commercial high strength balloons having wall
strengths in excess of 20,000 psi have been formed of a
wide variety of polymeric materials, including PET, ny-
lons, polyurethanes and various block copolymer ther-
moplastic elastomers. A particular application which has
a very high pressure requirement is reopening of sten-
oses which develop at or in long-term shunt, ports or
grafts employed for repeated blood access, for instance
with dialysis patients. Such stenoses are often highly cal-
cified and essentially must be subjected to very high pres-
sure for successful treatment. Moreover, frequently the
vessels into which the access devices are connected are
quite large. Consequently there is a need for balloons
whose pressure profile allows for use of pressures in ex-
cess of 20 atm at balloon diameters which can exceed 5
mm.

[0003] Documents relating to fiber reinforced medical
balloons include US 4896669, Behate; US 4706670, An-
dersen; US 5647848, Jorgensen; US 5201706, and US
5330429, Noguchi; US 5827289, Reiley; and US
6156254, Andrews.

[0004] In commonly owned copending application US
Application No. 10/889574, filed July 7, 2004, published
as US 2006-0008606 A1, published Jan. 12, 2006, high
strength composite fiber reinforced balloons for medical
devices are described. Such balloons are prepared by
applying a web of fibers to the exterior of a preformed
underlying balloon and encasing the web with a matrix
material to form a composite balloon. The fiber web is
applied to at least the cone portion of the underlying bal-
loon form. Either the cone portion of the underlying bal-
loon form, or the web fibers applied to said cone portion,
or both, have a friction-enhancing material coated ther-
eon.

[0005] The art referred to and/or described above is
not intended to constitute an admission that any patent,
publication or other information referred to herein is "prior
art" with respect to this invention.

[0006] Document US 2006/0008696 A1 shows com-
posite fiber reinforced balloons for medical devices pre-
pared by applying a web of fibers to the exterior of a
preformed underlying balloon and encasing the web with
a matrix material to form a composite balloon.

[0007] DocumentUS 2005/0271844 A1 shows a med-
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ical device formed from at least one first layer defining
the shape of the medical device, the first layer having an
inner surface and an outer surface and a web formed
with silk fiber provided over at least a portion of the inner
surface, the outer surface or both of the first layer.
[0008] DocumentUS 6,746,425 B1 is related to a non-
compliant medical balloon suitable for angioplasty and
other medical procedures and which integrally includes
very thin inelastic fibers having high tensile strength, and
methods for manufacturing the balloon.

[0009] DocumentUS 2002/0049402 A1 shows a med-
ical device system and method to allow an arterial bypass
graft to be proximally anastomosed to an aorta. An en-
dolumenal aortaisolation assembly is provided along the
distal end portion of an elongate catheter body, including
proximal and distal portions that are separated by an iso-
lation region.

[0010] US-Patent No. 5,348,538 relates to a balloon
catheter having an non-linear compliance curve and
made up of a single layered balloon, that was molded
from a polymeric material to have a specific nominal di-
ameter and then shrunk to a diameter that is less than
the specific nominal diameter. When the shrunk balloon
is expanded it has the characteristics of a compliant bal-
loon until its diameter has been expanded to its original
specific nominal diameter after which it follows the non-
compliant compliance curve that it would have had it not
been shrunk.

[0011] US-PatentNo. 6,146,356 relates to balloons for
medical devices, particularly balloon angioplasty cathe-
ters, which have hybrid compliance curves in which
growth rate slows at higher pressures are made from
block copolymer thermoplastic elastomers.

[0012] Withoutlimiting the scope of the invention a brief
summary of some of the claimed embodiments of the
invention is set forth below. Additional details of the sum-
marized embodiments of the invention and/or additional
embodiments of the invention may be found in the De-
tailed Description of the Invention below.

SUMMARY OF THE INVENTION

[0013] The invention pertains to methods for preparing
fiber reinforced laminate composite balloons as defined
in the claims. Some aspects the present invention may
pertain to modifications of the invention of US
2006-0008606 A1. Other aspects of the invention pertain
more generally to composite fiber reinforced medical de-
vice balloons.

[0014] Insome aspects, the invention pertains to proc-
esses for preparing laminate composite balloons that ex-
hibit hinged compliance curves upon expansion. In one
such aspect, the balloon comprises a polymer material
underlayer, an overlying fiber web adhered to the under-
layer and a layer of matrix material either covering the
fiber web or encasing it. In some aspects of the invention,
the matrix material and fiber web are covered by an over-
layer balloon.
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[0015] In preparing the composite balloons, an under-
layerballoon is formed and expanded to a predetermined
pressure such that its diameter is increased from its nom-
inal diameter. While the underlayer balloon is expanded
at the predetermined pressure, the fiber web is applied
over atleast a portion of the underlayer balloon. The fiber
web may cover the cone portions and/or the body portion
of the underlayer balloon. The fiber web is bonded to the
underlayer balloon with a suitable adhesive. The fiber
web is then covered or encased in a matrix material. The
balloon assembly additionally may be inserted into an
outerlayer balloon forming a composite balloon. The
composite balloon may then be heat set to bond the lay-
ers together. The composite balloon is then deflated and
assembled onto a catheter shaft and wrapped and ster-
ilized.

[0016] In an alternative embodiment the size ofthe un-
derlayer balloon is monitored as pressure is increased
until a predetermined size, above the nominal size, is
reached. Application of the fiber web and matrix material
are as described above.

[0017] In some aspects the invention pertains to man-
ufacturing processes for preparing composite fiber rein-
forced balloons. One such aspect the method comprises:

providing a preformed underlayer balloon having a
size at ambient pressure;

expanding the preformed underlayer balloon by
pressurizing the underlayer balloon to a predeter-
mined pressure above ambient, or until it reaches a
predetermined size above the ambient pressure
size; and

while the underlayer balloon remains pressurized:

applying a web of fibers to the exterior of said un-
derlayer balloon;

adhering the web of fibers to the underlayer balloon;
and

encasing the web with a matrix material to form an
assembly of under layer balloon and fiber matrix.

In particular embodiments ofthis aspect of the invention,
after the matrix material has been applied an overlayer
balloon may be applied to the assembly of underlayer
balloon, fiber web and matrix material and bonded there-
to, for instance by heat activation of the matrix material.
[0018] As noted above, some aspects are directed to
balloons that exhibit hinged compliance curves. That is,
in measuring and plotting the growth of the diameter of
the composite balloon over an increase in internal pres-
sure in a first pressure range, the balloon has a compli-
ance curve which has a first slope and in a second pres-
sure range, which is higher than the first pressure range,
the balloon has a compliance curve which has a second
slope which is less then the first slope. The hinge point
of the hinged compliance curve is taken as the point of
intersection between the first and second slopes. The
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resulting balloon is less compliant at the higher pressures
of the second pressure range than it is at the lower pres-
sures of the first pressure range.

[0019] The balloon comprises an underlying balloon
layer, a fiber web disposed over the underlying balloon
layer, a matrix material encasing the web and an overly-
ing balloon layer of radially oriented polymer material dis-
posed over the fiber web and matrix material wherein
the balloon exhibits a hinged compliance curve.

[0020] These and other embodiments which charac-
terize the invention are pointed out with particularity in
the claims annexed hereto and forming a part hereof.
However, for further understanding of the invention, its
advantages and objectives obtained by its use, reference
should be made to the drawings which form a further part
hereof and the accompanying descriptive matter, in
which there is illustrated and described an embodiments
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Figure 1 is a schematic side view of an underlayer
balloon with a partial cutaway. Figure 2 is an en-
larged cutaway view taken at line 2 of Figure 1. Fig-
ures 3 and 4 are views as in Fig. 2 illustrating steps
of an embodiment of the inventive method. Figure 5
is a graph of the distension from nominal diameter
to burst of a composite balloon of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] While this invention may be embodied in many
different forms, there are described in detail herein spe-
cific embodiments of the invention. This description is an
exemplification of the principles of the invention and is
not intended to limit the invention to the particular em-
bodiments illustrated.

[0023] For the purposes of this disclosure, like refer-
ence numerals in the figures shall refer to like features
unless otherwise indicated.

[0024] Balloons are particularly suited to use in medical
devices, for instance on balloon angioplasty catheters,
in stent delivery systems, perfusion balloon devices, cut-
ting balloon devices, cryoplasty devices, and the like.
Typically they will be mounted on a catheter or probe
device.

[0025] Referring to the drawing Figures 1-5, several
aspects of the inventive processes are illustrated.
[0026] Figures1and2show anunderlayerballoon 100
comprising waist regions 102, 104, cone regions 106,
108 and body region 110. The underlayer balloon 100
may be formed of a single layer 122 polymer material,
for instance of a radially oriented thermoplastic polymer.
As.will be further addressed below, before commencing
with the remaining additions of material onto the under-
layer balloon 100, the underlayer balloon 100 is pressu-
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rized and expanded to a predetermined pressure above
ambient or equivalently to a predetermined size above
its size at ambient pressure.

[0027] Figure 3isaview asinFigure2, after application
of a fiber web 126 and matrix material 128. The fiber web
126 is encased by the matrix material 128.

[0028] Figure 4 is a view as in Figure 3, after the ap-
plication of an outerlayer balloon 140 to complete the
composite balloon 200. The matrix material 128 and fiber
web 126 are sandwiched between layer 122 provided by
the underlayer balloon and the layer 140 provided by the
outerlayer balloon.

[0029] Figure 5 is a graph of the distension from nom-
inal diameter to burst of a composite balloon of the in-
vention. The curve represents the increase in diameter
of the composite balloon over a particular pressure
range. The curve shown indicates a hinged compliance.
This is a profile in which the balloon initially grows at a
relatively rapid rate but at higher pressures grows more
slowly.

[0030] The initial slope segment labeled slope 1 and
the diameter ofthe intersection of slopes 1 and the final
slope segment labeled slope 2 in the graph can be ad-
justed by changing the inflation pressure of the under-
layer balloon 100 during the braiding process. The hinge
point 220, i.e. the intersection point of slope 1 and slope
2, may also be influenced by braiding density and under-
layer balloon wall thickness, but at least when these pa-
rameters are substantially fixed, the location of the hinge
point will occur at higher corresponding diameters as the
inflation pressure of the underlayer balloon during man-
ufacture of the composite balloon is increased.

[0031] The intersection point may be manipulated by
changing the pressure of inflation of the underlayer bal-
loon during the manufacture of the composite balloon.
Raising the inflation pressure of the underlayer balloon
raises the intersection point at a given single wall of the
underlayer balloon.

Underlayer Balloon

[0032] Insome aspects the invention discloses a com-
posite balloon, or method of forming same, in which a
web material is formed from fibers by application over an
underlayer balloon form that becomes integrated into the
composite balloon.

[0033] The underlayer balloon may be preformed in a
manner known for forming medical device balloons. For
instance a tubular parison of a semi-crystalline polymeric
material may be radially expanded, or radially expanded
with longitudinal stretching to form the underlayer bal-
loon. Optionally the underlayer balloon may be still further
processed before it is incorporated into the composite
balloon. The extruded parison used to prepare the un-
derlayer balloon may be radially expanded as is into a
mold or by free-blowing. Alternatively, the parison may
be pre-stretched longitudinally before expansion or re-
formed in various ways to reduce thickness of the balloon
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cone and waist regions prior to radial expansion. The
blowing process may utilize pressurization under ten-
sion, followed by rapid dipping into a heated fluid; a se-
quential dipping with differing pressurization; a pulsed
pressurization with compressible or incompressible fluid,
after the material has been heated. Heating may also be
accomplished by heating the pressurization fluid injected
into the parison. Examples of these techniques may be
found in the patent documents mentioned elsewhere in
this application or in US 4,963,313, Noddin et al, US
5,306,246 Sahatjian, US 4,935,190, Tennerstedt, US
5,714,110, Wang et al, US 5,304,340, Downey. Various
known methods of altering the properties of a radially
expanded balloon such as heat-setting, heat shrinking,
and/or radiation crosslinking may also be employed in
forming the underlayer balloon. See US 5,403,340, Wang
et al; EP 540858, Advanced Cardiovascular Systems,
Inc.; and WO 98/03218, Scimed Life Systems.

[0034] The underlayer balloon may be formed of any
material which may be made by radial expansion of a
tubular parison, typically thermoplastic polymers. Docu-
ments pertinent to materials which may be employed this
way include US 4,906,244, Pinchuk et al, and US
5,328,468, Kaneko, which describe polyamide balloons;
US 4,950,239, Gahara, and US 5,500,180, Anderson et
al, which describe balloons made from polyurethane
block copolymers; US 5,556,383, Wang et al, and US
6,146,356, Wang et al, which describe balloons made
from polyether-block-amide copolymers and polyester-
block-ether copolymers; US 6,270,522, Simhambhatla,
et al, which describes balloons made from polyester-
block-ether copolymers of high flexural modulus; US
5,344,400, Kaneko, which describes balloons made from
polyarylene sulfide; and US 5,833,657, Reinhart et al,
which describes balloons having a layer of poly-
etheretherketone: US 5,250,069, Nobuyoshi et al, US
5,797,877, Hamilton et al, and US 5,270,086, Hamlin,
describe still further materials which may be used to make
such balloons.

[0035] Such materials may include low, linear low, me-
dium and high density polyethylenes; polypropylenes;
poly(ethylene vinyl acetate) (EVA); poly(ethylene vinyl
alcohol) (EVOH) and EVA/EVOH terpolymers; polyole-
fin-ionomers; ethylene-butylene-styrene block copoly-
mers blended with low molecular weight polystyrene and,
optionally, polypropylene, and similar compositions sub-
stituting butadiene or isoprene in place ofthe ethylene
and butylene; poly(vinyl chloride); polyurethanes; poly-
esters and copolyesters; polycarbonate; thermoplastic
elastomers; silicone-polycarbonate copolymers; polya-
mides; thermoplastic polyimides; liquid crystal polymers;
ABS (acrylonitrile butadiene styrene); ANS (acrylonitrile
styrene); Delrin polyacetal; PEI (polyetherimide); poly-
etheretherketone (PEEK) and PES (polyether sulfone).
Physical blends and copolymers of such materials may
also be used.

[0036] Orientable polymers are among the preferred
materials for forming the underlayer balloon. Suitable ori-
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entable polymers include aromatic polyesters, especially
polyethylene terephthalate (PET). PET polymers may
have an initial intrinsic viscosity about 0.5 or more, for
instance, 0.6-1.3. Other high strength polyester materi-
als, such as poly(ethylene naphthalate) (PEN); and poly
(butylene terephthalate) may also be used. Polyester co-
polymers incorporating ethylene terephthalate, ethylene
naphthalate, butylene terephthalate and/or butylene
naphthalate repeat units, may also be employed. Poly-
ester copolymers such as the random copolymer made
from dimethyl terephthalate dimethyl isophthalate and
ethylene glycol described in US 5,330,428 Wang, et al.
may also be employed.

[0037] Examples of polyamides which may be used
include nylon 6, nylon 64, nylon 66, nylon 610, nylon 610,
nylon 612, nylon 46, nylon 9, nylon 10, nylon 11, nylon
12, and mixtures thereof.

[0038] The underlayer balloon may be formed of poly-
urethanes such as Tecothane® from Thermedics. Teco-
thane® is a thermoplastic, aromatic, polyether poly-
urethane synthesized from methylene diisocyanate
(MDI), polytetramethylene ether glycol (PTMEG) and
1,4-butanediol chain extender. Tecothane® 1065D and
1075D are examples. Other polyurethanes that can be
used include Isoplast® 301, a high strength engineering
thermoplastic polyurethane, and Pellethane® 2363-75D,
both sold by Dow Chemical Co. References illustrating
polyurethane balloon materials include US 4,950,239, to
Gahara, US 5,500,180 to Anderson et al, US 6,146,356
to Wang, et al., and US 6,572,813, to Zhang, et al.
[0039] Underlayer balloons may be also made of
polyamide/polyether block copolymers. The polyamide/
polyether block copolymers are commonly identified by
the acronym PEBA (polyether block amide). The polya-
mide and polyether segments of these block copolymers
may be linked through amide linkages, however, most
preferred are ester linked segmented polymers, i.e.
polyamide/polyether polyesters. Such polyamide/poly-
ether/polyester block copolymers are made by a molten
state polycondensation reaction of a dicarboxylic polya-
mide and a polyether diol. The result is a short chain
polyester made up of blocks of polyamide and polyether.
[0040] Polyamide/polyether polyesters are sold com-
mercially under the Pebax® trademark. Examples of suit-
able commercially available polymers are the Pebax®
33 series polymers with hardness 60 and above, Shore
D scale, especially Pebax® 6333, 7033 and 7233. These
polymers are made up of nylon 12 segments and poly
(tetramethylene ether) segments linked by ester groups.
[0041] Itis also possible to utilize polyester/polyether
segmented block copolymers. Such polymers are made
up of at least two polyester segments and at least two
polyether segments. The polyether segments are the
same as previously described for the polyamide/poly-
ether block copolymers useful in the invention. The pol-
yester segments are polyesters of an aromatic dicarbo-
xylic acid and a two to four carbon diol.

[0042] The polyether segments ofthe polyester/poly-
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ether segmented block copolymers are aliphatic poly-
ethers having at least 2 and no more than 10 linear sat-
urated aliphatic carbon atoms between ether linkages.
More preferably the ether segments have 4-6 carbons
between ether linkages, and most preferably they are
poly(tetramethylene ether) segments. Examples of other
polyethers which may be employed in place of the pre-
ferred tetramethylene ether segments include polyethyl-
ene glycol, polypropylene glycol, poly(pentamethylene
ether) and poly(hexamethylene ether). The hydrocarbon
portions of the polyether may be optionally branched. An
example is the polyether of 2-ethylhexane diol. Generally
such branches will contain no more than two carbon
atoms. The molecular weight of the polyether segments
is suitably between about 150 and 2,500, preferably be-
tween 250 and 1000.

[0043] The polyester segments of the polyester/poly-
ether segmented block copolymers are polyesters of an
aromatic dicarboxylic acid and a two to four carbon diol.
Suitable dicarboxylic acids used to prepare the polyester
segments ofthe polyester/polyether block copolymers
are ortho-, meta- or para-phthalic acid, napthalenedicar-
boxylic acid or meta-terphenyl-4,4’-dicarboxylic acids.
Preferred polyester/polyether block copolymers are poly
(butylene terephthalate)-block-poly(tetramethylene ox-
ide) polymers such as Arnitel® EM 740, sold by DSM
Engineering Plastics, and Hytrel® polymers, sold by Du-
Pont, such as Hytrel® 8230.

[0044] A suitable thermoplastic polyimide is described
in U.S. Pat. No. 5,096,848 and is available commercially
under the tradename Aurum® from Mitsui Toatsu Chem-
icals, Inc., of Tokyo, Japan.

[0045] Examples of liquid crystal polymers include the
products Vectra® from Hoechst Celanese; Rodrun®
from Unitika; LX and HX series polymers and Zenite™
polymers from DuPont; Sumikosuper™ and Ekonol™
from Sumitomo Chemical; Granlar™ from Grandmont;
and Xydar® from Amoco. Suitably the liquid crystal pol-
ymer materials when employed in the underlayer balloon
are blended with another thermoplastic polymer such as
PET, nylon 12, or a block copolymer such as Pebax®
7033 or 7233 or Arintel® EM 740 or Hytrel 8230. The
liquid crystal polymer may be present as filaments in a
matrix of the blend polymer.

[0046] Alternatively, the underlayer balloon may be ob-
tained by polymerization of a curable composition on a
mold form, for instance as described in commonly owned
applications US 2005-0015046 A1, and/or US
2006-0008606 A1.

[0047] The underlayer balloon is formed at a thickness
which will provide a sufficiently rigid profile upon inflation
to a low pressure, suitably 2-3 atm, to permit direct ap-
plication of fibers thereto in a manner which forms a fiber
web overlying the balloon. Preferably the underlayer bal-
loon is substantially radially oriented or biaxially (radially
and longitudinally) oriented. The underlayer balloon may
have a wall thickness, single wall basis, of from about 5
pm to about 50 pm (0.0002-0.002 inches), for instance
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8 to 30 wm (0.0003 - 0.0012 inches), suitably about 10
to about 25 pum (0.0004 - 0.0010 inches).

Fiber Web

[0048] Various techniques for forming webs are
known. Suitable webs may be braids, weaves, mesh, hel-
ical windings, knits or random rovings. The web may be
formed of different materials, for instance if anisotropic
longitudinal lengthening and diameter expansion prop-
erties are desired.

[0049] The fiber selection and the web pattern can in-
fluence the distension properties of the composite bal-
loon. Fiber tension during application to the underlayer
balloon can also affect distension ofthe composite bal-
loon, especially if elastomeric fibers are employed in
whole or in part. In some preferred embodiments, how-
ever, the composite balloon is substantially non-disten-
sible in both the longitudinal and radial directions, in
which case the fibers have very low elongation, and the
pattern is selected to provide minimal expansion.
Weaves or braids are particularly desirable web-forms in
these embodiments. A circular braider may be employed
to apply the fibers to the underlayer balloon.

[0050] The web pattern may provide crossing fibers at
any angle. Typically at least one set of the fibers will wind
helically around the circumference of the underlayer bal-
loon. In at least some embodiments a set of longitudinal
fibers is provided, running parallel to the longitudinal axis
over at least a portion of the underlayer balloon. The lon-
gitudinal fibers may be inelastic. In some embodiments
the longitudinal fibers are interwoven or braided into the
web pattern with fibers that wind helically around the bal-
loon, for instance, the helical fibers may cross over and
under the longitudinal fibers in an individually or grouped
alternating fashion to provide the weave or braid. Cross-
ing fibers that run at several different angles may be used.
For instance, longitudinal fibers may be crossed both by
fibers running at 45° and at 135° thereto. In some em-
bodiments, the braiding angle may be 68 to 70. Particu-
larly with fiber webs produced using mechanical braiders,
crossing angles that produce optimal reinforcement may
not occur with optimal gap spacing between fiber cross-
ings. Groupings of individual fibers may be employed to
reduce gap spacing at any desired crossing angle. For
instance, crossing groupings of 2 - 6 fibers by 2 - 6 fibers
may give better results than 1 x 1 crossings. The group-
ings may have different sizes, forinstance 2 (longitudinal)
by 4 (45° helical) by 4 (135° helical).

[0051] The fibers may be monofilament or multifila-
ment fibers. Any size which is suitable may be used. For
example, in some embodiments, the fibers may range in
size from 1 to 50 pm or in denier from 10-100. In some
embodiments, the denier is from 25-50. Moreover, devi-
ations from this size range can be achieved in some cas-
es without departing from the invention.

[0052] Individual filaments in a multifilament fiber may
have denier size less than 10, for instance from 1-5 de-
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nier. Larger filaments may also be employed in multifil-
ament fibers. Multifilament fibers may be a blend of fibers
of different materials.

[0053] The fiber material may be polyester, polyolefin,
polyamide, polyurethane, liquid crystal polymer, polyim-
ide, carbon, glass, mineral fiber or a combination thereof.
Polyesters include polyethyleneterephthalate (PET),
polybutylene terephthalate (PBT), and polytrimethylene
terephthalate (PTT). Polyamides include nylons and ar-
amids such as Kevlar®. Liquid crystal polymers include
Vectran®. Polyolefins include ultrahigh molecular weight
polyethylene, such as Dyneema,® sold by DSM Dynee-
ma BVm Heerlen, Netherlands, Spectra® fibers, sold by
Honeywell, and very high density polyethylene, and poly-
propylene fibers. Elastomeric fibers can be used in some
cases. In some specific embodiments of the invention,
the fibers are high strength materials which have a very
low elongation and creep, such as aramid, liquid crystal
polymer, or ultrahigh molecular weight polyethylene de-
scribed in US 5578374, US 5958582 and/or US 6723267.
Fibers comprising carbon nanotubes or carbon nano-fib-
ers may be suitable. Other carbon materials may also be
suitable in some applications.

[0054] In some embodiments the fiber web may com-
prise multiple layers of fibers. However in other embod-
iments the fiber web has regions between crossings
where a single fiber strand is employed to minimize the
balloon profile. The strands may be manipulated to flatten
as they are applied to increase the area covered by a
single strand and minimize the profile of the fiber and of
the overall balloon.

Friction Enhancement

[0055] To facilitate application of the web applied to
the cone portion of the underlayer balloon, a friction-en-
hancing material may be provided at the interface be-
tween the underlayer balloon and the web, at least over
the cone portion. The web fibers may be coated with a
friction-enhancing material, or a layer of friction-enhanc-
ing material may be applied to at least the cone portion
of the underlayer balloon before application of the web
fibers, or both. The friction enhancing material may also
be provided at the interface between the underlayer bal-
loon and the web over other portions of the balloon, for
instance over the waist and/or body portions.

[0056] The friction-enhancing material may be a poly-
mer that has a higher coefficient of friction than either of
the underlayer balloon and the fiber and which is high
enough that the fibers do not substantially slip off or
around on the cone during web formation. Coefficient of
friction is suitably determined per ASTM D3702 against
apolished steel surface and values of about 0.7 or higher
are recommended, especially about 0.8 and higher. Ex-
emplary materials may be rubbery elastomeric thermo-
plastic polymers, for instance, styrene-olefm block co-
polymers and acrylonitrile block copolymers. In some
cases urethane-based thermoplastic elastomers, ester-
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based thermoplastic elastomers, olefin-based thermo-
plastic elastomers, and amide-based thermoplastic elas-
tomers may be suitable. Linear low density polyethylene,
very low density polyethylene, polyethylene- o. -olefin co-
polymers or polycarbonate-urethane copolymers may be
suitable in some cases.

[0057] One group of friction enhancers includes sty-
rene-olefin thermoplastic elastomers. The styrene-olefin
thermoplastic elastomer is a block copolymer having a
soft segment and a hard segment within a molecule. The
soft segmentis a unitthat is obtained from polymerization
of an olefin, e.g., a polyisobutylene block, a polybutadi-
ene block or a polyisoprene block. The component con-
stituting the hard segment is a unit of styrene block, for
example, that is obtained from a compound having one
or at least two types selected from styrene and its deriv-
atives, e.g., a -methyl styrene, vinyl toluene, p -tertiary
butyl styrene, 1,1-diphenyl ethylene and others.

[0058] Specific examples of the styrene-olefin thermo-
plastic elastomers include: styrene-isobutylene-styrene
block copolymer (SIBS); styrene-butadiene-styrene
block copolymer (SBS); styrene-ethylene-butylene-sty-
rene block copolymer (SEBS); styrene- isoprene-styrene
block copolymer (SIS); styrene-ethylene-propylene-sty-
rene block copolymer (SEPS); styrene-ethylene-ethyl-
ene-propylene-styrene block copolymer (SEEPS struc-
ture); and modified block copolymers thereof. The con-
tent of styrene (or its derivatives) in each of the SIBS,
SBS, SEBS, SIS, SEPS and SEEPS structures is pref-
erably in a range of 10-50 wt. %, and more preferably in
arange of 15-45 wt. % within the copolymer. A particular
example is SIBS with about 17 wt % styrene.

[0059] A friction-enhancing coating material may also
be an adhesive. For instance, the adhesive may be one
that provides at least some tack during application of the
fibers. The adhesive may be a pressure sensitive, hot
melt, solution, dispersion or curable material. In some
embodiments ofthe invention, the adhesive will set up
further after application of the fiber to provide an adhering
bond between the fibers and the balloon whichis stronger
than the initial tack adhesion. Partially cured radiation
curable acrylate coating materials are exemplary.
[0060] The friction-enhancing coating may be applied
from a solution or dispersion. In the case of a hot melt or
curable adhesive, the coating may be applied neat. Suit-
able coating thicknesses are from about 1 to about 25
pm, for instance from about 2 um to about 20 pm or from
about 5 to about 10pm.

Matrix

[0061] A polymeric matrix material is applied over the
web and over any exposed portions of the underlayer
balloon while the underlayer balloon is pressurized at a
predetermined pressure. The matrix material should bind
to the material that is at least partially exposed to the
matrix material under the particular technique employed.
The exposed material may be one or more ofthe web
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fiber material, the underlayer balloon and, if employed,
the friction enhancing material. The matrix material may
be the same or similar to the friction-enhancing material.
The matrix material may also be the same or similar to
the bulk material of the underlayer balloon, or it may be
a wholly different material from both the friction-enhanc-
ing material and the underlayer balloon material. The ma-
trix material in some embodiments is heat activatable,
i.e. after application adhesive properties can be activated
by heating.

[0062] The matrix material may be applied from solvent
or dispersion. In some cases a curable liquid which sets
up after application may be employed as matrix material.
The matrix material may also be applied from the melt,
for instance by spraying or extruding over the web.
[0063] Examples of matrix materials which may be em-
ployed include the styrene-olefin thermoplastic elastom-
ers already described. Polyurethanes, for instance sili-
cone modified polyurethanes may be employed. UV cur-
able compositions as described in more detail in US
2006-0008606 A1 may also be employed.

[0064] A solution or dispersion or a polymer formula-
tion having hot-melt adhesive properties, i.e. one that
after drying may still be activated with heat to bond to a
subsequently applied substrate, may be used.

[0065] In some embodiments the matrix material and
the friction-enhancing material, in combination, also bind
the filaments of the fibrous material to the underlayer
balloon.

Outerlayer Balloon

[0066] The assembly of underlayer balloon, fiber web
and matrix material may be covered with an outerlayer
balloon. The outerlayer balloon is a thin molded balloon
and may be preformed in a manner known for forming
medical device balloons, forinstance by any of the means
described herein for forming the underlayer balloon. The
materials of the outer layer balloon may be selected from
the same materials already identified for the underlayer
balloon. The material of the outer layer balloon may be
the same or different from that of the underlayer balloon.
[0067] The outerlayer balloon is formed with an inner
diameter which will receive the underlayer balloon and
web matrix combination. In some embodiments, the out-
erlayer balloon is radially oriented or biaxially (radially
and longitudinally) oriented.

[0068] The outerlayer balloon may have a wall thick-
ness comparable to that of the underlayer balloon, i.e.
on single wall basis from about 5 um to about 50 pm
(0.0002-0.002 inches), for instance from about 8 to about
30 pwm (0.0004 - 0.0012 inches), suitably from about 10
to about 25 pm (0.0004 - 0.0010 inches).

Forming the Composite Balloon

[0069] The combination of the above described layers,
as mentioned above, forms a composite balloon that is
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flexible and has high strength and a high burst pressure.
In forming the composite balloon, the underlayer balloon
122 is formed and molded using a convention molding
process.

[0070] One end of the underlayer is sealed and the
underlayer balloon 122 is then pressurized and expand-
ed to a predetermined pressure above ambient, or to a
predetermined size above the size at ambient pressure.
Size may be determined for instance by monitoring the
radius or diameter for cylindrical balloons, or a shadow
profile dimension for non-cylindrical balloons.

[0071] The pressure to inflate the underlayer balloon
controls the intersection point of Figure 5. Depending on
each application and underlayer balloon double wall
thickness, the pressure of the underlayer balloon may
vary. In some embodiments, it is about 20-100 psi. In
some embodiments, it is about 40-60 psi.

[0072] Afterpressurization, the underlayer balloon 122
optionally may then be coated with a friction enhancing
material 124, such as a pressure sensitive adhesive. The
fiber web 126 is then applied to the surface ofthe under-
layerballoon 122, suitably as a braid of fibers of Spectra®
or Vectran® materials, or the like. The fiber web 126 is
then encased with matrix material 128. As a particular
example a solution or dispersion or a polymer formulation
having hot-melt adhesive properties upon drying may be
used.

[0073] After any solvent is dried off, an outerlayer bal-
loon may additionally be applied. For purposes of the
present invention this is an optional step and in some
cases a suitable composite balloon may be obtained
without use of an overlayer or an overlayer may be ap-
plied without using an overlayer balloon. In the case of
the addition of an outerlayer balloon, the assembly of the
underlayer balloon 122, fiber web 126 and matrix 128 is
then inserted into a previously formed outerlayer balloon
140. The outerlayer balloon 140 may be slightly larger
than the underlayer balloon 122 or it may have the same
dimensions. The proximal and distal waist ofthe outer-
layer balloon 140 may be larger than those of the under-
layer balloon 122 to ease insertion.

[0074] After insertion, the combination balloon is heat
set at a temperature above the temperature at which the
underlayer and outer layer balloons were formed. For
instance if the underlayer and outer layer balloons are
blown at a temperature in the range of about 90°C to
about 100°C, a heat set temperature in the range of from
about 110° to about 130° may be employed, for instance
about 115°C. A suitable heat set time may be from about
15 seconds to about 5 minutes, for instance about one
minute. In some embodiments, where the activation tem-
perature for the adhesive is the same as the mo Iding
temperature, the heat temperature does not have to be
higher than the balloon molding temperature.

[0075] The heat setinflation pressure is suitably about
the same or higher pressure than the pressure at which
the underlayer balloon or the outer layer balloon, which-
ever was higher, for instance the range of about 40 to
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about 50 psi, with a target of 40 psi. During heat set the
matrix material desirably is activated to adhere to the
outerlayer balloon to laminate the layers together.
[0076] In general the conditions for formation of the
underlayer 122 and outerlayer 140 may be substantially
the same so that they will have similar behavior during
heat set. However, in some cases it may be advanta-
geous for the underlayer and outerlayer balloon to have
been formed at different temperature and or pressure
conditions such that the outer layer balloon shrinks slight-
ly during heat set while the underlayer balloon remains
unchanged or expands slightly. Such technique may in-
crease the bonding pressure of the outerlayer balloon to
the adhesive matrix material and assist in flattening fiber
strands therebetween so to further minimize the total bal-
loon thickness.

[0077] Although it should be understood that in some
embodiments there is no further coating on the outerlayer
balloon, the composite balloon may have a further coat-
ing of a lubricous material or which comprises drug, as
is generally known. See, for instance US 5135516, Sa-
hatjian, et al; US 5026607, Kiezulas; US 5304121, Sa-
hatjian; US 5576072, Hostettler, et al; US 5503631, On-
ishi et al; US 5509899, Fan et al; US 5693034, Buscemi
et al; US 6110483, Whitbourne, et al; US 570275.6,
Zhong; US 6528150, Nazarova et al; and US 6673053,
Wang, et al.

[0078] Pressurization of the underlayer balloon is
maintained at least until the fiber web has become fixedly
bonded to the underlayer balloon and the subsequent
steps will not modify that bonding. In the case where an
overlayer balloon is applied the heat set step may alter
such bonds and it is recommended that the pressuriza-
tion be maintained until its completion of that step. In
some cases where an outer layer is not applied the pres-
surization can be released after the drying, curing, cool-
ing or other setting process of the matrix material is com-
plete. In cases where an outer layer above the matrix
material is applied from solution or dispersion pressuri-
zation should be maintained if the coating step has the
potential of softening the matrix material, but can be re-
leased earlier if it does not.

[0079] Upon completion of the composite, the balloon
may then be assembled onto a shaft, wrapped and ster-
ilized.

[0080] The composite balloon may have a single wall
thickness of about 50 to about 250 wm, suitably about
50 to about 230 pm. In some embodiments, the single
wall thickness of about 50 to about 80 wm with a target
at 60 pm.

[0081] Wall strengths for such balloons may be in ex-
cess of about 103,421 kPa (15,000 psi), typically at least
about 124,106 kPa (18,000 psi), and in most cases in
the range of 172,369 (25,000) to 275,790 (40,000 psi).
Balloon diameters may range from about 1.5 to about 14
mm.

[0082] In some aspects, the invention may be opti-
mized by altering the ratio of fiber and matrix material
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employed relative to the overall balloon thickness. Suit-
ably the balloon has a fiber matrix ratio, taken as the
thickness of the intermediate fiber and . matrix material
to the total thickness of the balloon, in the range of 0.51
to 0.73. The particulars of this optimization may be found
in commonly owned U.S. Application 20070250101 titled
HIGH PRESSURE BALLOON, filed April 20, 2006.
[0083] The following examples illustrate the invention
in preliminary, non-optimized trials.

Example

[0084] Underlayer balloons were prepared by radial
expansion of extruded tubes of Pebax® 7233 polymer/
The underlayer balloons had an average double wall
thickness in the body region of approximately 0.04 mm
(0.0014 inches), a molded diameter of approximately 8
mm and a molded body length of approximately 40 mm.
The underlayer balloons were sterilized with ethylene ox-
ide according to a conventional protocol. At this stage,
three balloons were retained, unbraided, as controls for
comparison purposes.

[0085] The underlayer balloons were heat-sealed at
their distal end. The proximal end was connected to a
pneumatic syringe and the balloon component was pres-
surized to 40 psi (2.7 atm).

[0086] A coating of pressure sensitive adhesive, HL-
2081 from EB. Fuller was applied to the exterior surface
ofthe underlayer balloon by hand dipping the pressurized
balloon component into a 25% solution of the adhesive
in toluene, drawing the balloon component out of solution
and allowing it to dry.

[0087] A braiding machine was then utilized to weave
a web of fibers of 50 denier Dyneema fiber from DSM
around the inflated balloon components. Speeds were
adjusted as braiding progressed In a manner directed to
achieve a single layer braiding with estimated 68-70 de-
gree braiding angle. Braiding angle can be changed by
braiding speed. Pressurization of the underlayer balloon
was maintained during application of the fiber web.
[0088] For the matrix material, a 10% hot melt (HM
0230 from H.B. Fuller) solution in toluene was applied by
again dipping the pressurized balloon component into a
solution, drawing the balloon component out of solution
and letting it thoroughly dry.

[0089] Overlayer balloons of Pebax® 7233 polymer
were prepared in the same manner and with the same
dimension as the underlayer balloons.

[0090] The above disclosure is intended to be illustra-
tive and not exhaustive.

[0091] This description will suggest many variations
and alternatives to one of ordinary skill in this art. The
various elements shown in the individual figures and de-
scribed above may be combined or modified for combi-
nation as desired. All these alternatives an variations
are intended to be included within the scope of the claims
where the term "comprising" means "including, but not
limited to".
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[0092] Further, the particular features presented in the
dependent claims can be combined with each other in
other manners within the scope of the invention such that
the invention should be recognized as also specifically
directed to other embodiments having any other possible
combination of the features of the dependent claims. For
instance, for purposes of claim publication, any depend-
ent claim which follows should be taken as alternatively
written in a multiple dependent form from all prior claims
which possess all antecedents referenced in such de-
pendent claim if such multiple dependent format is an
accepted format within the jurisdiction (e.g. each claim
depending directly from claim 1 should be alternatively
taken as depending from all previous claims). In jurisdic-
tions where multiple dependent claim formats are restrict-
ed, the following dependent claims should each be also
taken as alternatively written in each singly dependent
claim format which creates a dependency from a prior
antecedent-possessing claim other than the specific
claim listed in such dependent claim below.

[0093] This completes the description of the invention.
Those skilled in the art may recognize other equivalents
tothe specificembodiment described herein which equiv-
alents are intended to be encompassed by the claims
attached hereto.

Claims

1. A method for preparing composite fiber reinforced
balloons for medical devices,
the balloons having a hinged compliance curve plot-
ting growth in diameter of the balloon over an in-
crease ininternal pressure, wherein the hinged com-
pliance curve in a first pressure range has a first por-
tion with a first slope and in a second pressure range,
which is higher than the first pressure range, has a
second portion with a second slope which is less
than the first slope, the first portion intersecting the
second portion at a hinge point (220), the method
comprising:

providing a preformed underlayer balloon (100)
having a first diameter at ambient pressure; the
method being characterized in the following
steps:

expanding the preformed underlayer bal-
loon (100) to a second diameter by pressu-
rizing the underlayer balloon (100) to a pre-
determined pressure above ambient and
while the underlayer balloon remains pres-
surized:

applying a web (126) of fibers to the ex-
terior of said underlayer balloon (100);
adhering the web (126) of fibers to the
underlayer balloon (100); and
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encasing the web (126) with a matrix
material (128) to form an assembly of
underlayer balloon (100) and fiber ma-
trix.

A method as in claim 1, further comprising the steps
of:

applying an overlying layer (140) over the en-
cased web (126); and

bonding said assembly and the overlying layer
(140) to form said composite fiber reinforced bal-
loon.

A method as in claim 2, the overlying layer (140)
being a preformed overlayer balloon layer of radially
oriented polymer material, wherein the preformed
overlayer balloon layer is applied over the encased
web (126) by inserting the assembly of underlayer
balloon (100) and fiber matrix into the

preformed overlayer balloon form.

A method as in claim 2, wherein the overlying layer
(140) is a coating layer.

A method as in claim 3, wherein the preformed over-
layer balloon is radially oriented.

A method as in claim 2, wherein the underlayer bal-
loon (100) and the overlying layer (140) are biaxially
oriented.

A method as in claim 1, wherein the matrix material
(128) is a thermally activatable adhesive.

A method as in claim 1, wherein the fibers of said
web (126) have a diameter of 1 to 50 pm.

The method of claim 1, wherein the underlayer bal-
loon (100) comprises a polymer selcted form the
group consisting of polyurethanes; polyesters and
copolyesters: polycarbonates; polymide/polyether
block copolymers; polyester/polyether segmented
block copolymers: silicone-polycarbonate copoly-
mers;polyamides; thermoplastic polymides; polya-
cetal; liquid crystal polymers; polyetheretherketone;
polyether sulfone; and combinations thereof.

Patentanspriiche

1.

Verfahren zur Herstellung von zusammengesetzten
faserverstarkten Ballons fur medizinische Vorrich-
tungen,

wobei die Ballons eine abknickende Nachgiebig-
keitskurve haben, wenn die Zunahme des Durch-
messers des Ballons gegen eine Zunahme des In-
nendruckes aufgetragen wird, wobei die abknicken-
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de Nachgiebigkeitskurve in einem ersten Druckbe-
reich einen ersten Abschnitt mit einer ersten Stei-
gung und in einem zweiten Druckbereich, welcher
hoher als der erste Druckbereich ist, einen zweiten
Abschnitt mit einer zweiten Steigung hat, welche ge-
ringer als die erste Steigung ist, wobei der erste Ab-
schnitt den zweiten Abschnitt an einem Wendepunkt
(220) schneidet, wobei das Verfahren umfasst:

Bereitstellen eines vorgeformten Unterschicht-
ballons (100) mit einem ersten Durchmesser bei
Umgebungsdruck; wobei das Verfahren ge-
kennzeichnet ist durch die folgenden Schritte:

Ausdehnen des vorgeformten Unter-
schichtballons (100) zu einem zweiten
Durchmesser, indem der Unterschichtbal-
lon (100) zu einem vorbestimmten Druck
oberhalb des Umgebungsdruckes mit
Druck beaufschlagt wird; und

wahrend der Unterschichtballon mit Druck
beaufschlagt verbleibt:

Aufbringen eines Gewebes (126) aus
Fasern auf das AuRere des Unter-
schichtballons (100);

Verkleben des Gewebes (126) aus Fa-
sern an dem Unterschichtballon (100);
und

Uberziehen des Gewebes (126) mit ei-
nem Matrixmaterial (128), um einen
Verbund aus Unterschichtballon (100)
und Fasermatrix zu erzeugen.

Verfahren gemaf Anspruch 1, ferner umfassend die
Schritte von:

Aufbringen einer Deckschicht (140) Uber das
Uberzogene Gewebe (126); und
Verschweillen des Verbundes und der Deck-
schicht (140), um den zusammengesetzten fa-
serverstarkten Ballon zu erzeugen.

Verfahren gemall Anspruch 2, wobei die Deck-
schicht (140) eine vorgeformte Ballon-Deckschicht
aus radial orientiertem Polymermaterial ist, wobei
die vorgeformte Ballon-Deckschicht tiber dem Uber-
zogenen Gewebe (126) aufgebracht wird, indem der
Verbund aus Unterschichtballon (100) und Faser-
matrix in die vorgeformte Ballon-Deckschichtform
eingesetzt wird.

Verfahren gemall Anspruch 2, wobei die Deck-
schicht (140) eine aufbeschichtete Schicht ist.

Verfahren gemal Anspruch 3, wobei der vorgeform-
te Deckschichtballon radial orientiert ist.
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Verfahren gemaly Anspruch 2, wobei der Unter-
schichtballon (100) und die Deckschicht(140) biaxial
orientiert sind.

Verfahren gemaf Anspruch 1, wobei das Matrixma-
terial (128) ein thermisch aktivierbarer Kleber ist.

Verfahren gemaR Anspruch 1, wobei die Fasern des
Gewebes (126) einen Durchmesser von 1 bis 50 um
haben.

Verfahren gemal Anspruch 1, wobei der Unter-
schichtballon (100) ein Polymer ausgewahlt aus der
Gruppe bestehend aus Polyurethanen; Polyestern
und Copolyestern; Polycarbonaten; Polyimid-Polye-
ther-Blockcopolymeren; segmentierten Polyester-
Polyether-Blockcopolymeren;  Silicon-Polycarbo-
nat-Copolymeren; Polyamiden; thermoplastischen
Polyimiden; Polyacetal; Flissigkristall-Polymeren;
Polyetherketon; Polyethersulfon; und Kombinatio-
nen daraus.

Revendications

Procédeé de production de ballonnets composés ren-
forcés par des fibres pour dispositifs médicaux,

les ballonnets ayant une courbe de résilience en for-
me de charniére, quand la croissance du diameétre
du ballonnet est tracée contre une croissance de la
pression interne, la courbe en forme de charniére
ayantune premiére portion avec une premiére pente
dans une premiére plage de pression, et une deuxié-
me portion avec une pente qui est moins haute que
la premiére pente dans une deuxieme plage de pres-
sion qui est plus haute que la premiere plage de pres-
sion, la premiére portion étant adjacente a la deuxié-
me portion dans un point de basculement (220), le
procédé comportant:

fournir un ballonnet de sous-couche préformé
(100) avec un premier diametre a la pression
ambiante; le procédé étant caractérisé par les
étapes suivantes:

élargir le ballonnet de sous-couche préfor-
mé (100) a un deuxieme diametre, en pres-
surisant le ballonnet de sous-couche (100)
a une pression prédéterminée au dessus
de la pression ambiante; et

pendant que le ballonnet de sous-couche
reste pressurisé:

appliquer un tissu (126) de fibres sur
I'extérieur dudit ballonnet de sous-cou-
che (100);

coller le tissu (126) de fibres au ballon-
net de sous-couche (100); et
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1"

recouvrir le tissu (126) avec un maté-
riau de matrice (128), pour former un
ensemble de ballonnetde sous-couche
(100) et matrice de fibres.

Procédé selon la revendication 1,comportant en
outre les étapes de:

appliquer une couche supérieure (140) au-des-
sus du tissu (126) recouvert; et

relier 'ensemble et la couche supérieure (140),
pour former le ballonnet composé renforcé par
des fibres.

Procédé selon larevendication 2, dans lequel la cou-
che supérieure (140) est une sur-couche de ballon-
net préformée en matériau polymeére radialement
orienté, la sur-couche de ballonnet préformée étant
appliquée au-dessus du tissu (126) recouvert en in-
sérant I'ensemble de ballonnet de sous-couche
(100) et matrice de fibres dans la forme de la sur-
couche de ballonnet préformée.

Procédé selon larevendication 2, dans lequel la cou-
che supérieure (140) est une couche de revétement.

Procédé selon la revendication 3, dans lequel le bal-
lonnetde couche supérieure estradialement orienté.

Procédé selon la revendication 2, dans lequel le bal-
lonnet de sous-couche (100) et la couche supérieure
(140) sont biaxialement orientés.

Procédé selon la revendication 1, dans lequel le ma-
tériau de matrice (128) est une colle activable par
chaleur.

Procédé selon la revendication 1, dans lequel les
fibres du tissu (12 6) ont un diamétre de 1 a2 50 um.

Procédé selon la revendication 1, dans lequel le bal-
lonnet de sous-couche (100) est un polymeére sélec-
tionné du groupe consistant de polyuréthanes ; po-
lyesters et copolyesters ; polycarbonates ; copoly-
meres bloc de polyimide-polyéther ; polyméres bloc
segmentés de polyester-polyéther ; copolymeres
polycarbonate-silicone ; polyamides; polymides
thermoplastiques ; polyacétals ; polyméres a cris-
taux liquides ; et combinaisons de cela.
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